western Europe, these variations in water-table position are best explained by summer 55 water deficit (precipitation minus evapotranspiration), which was driven mostly by 56 variations in precipitation (Charman et al., 2009 ), whereas in continental North America, 57 they are best correlated to precipitation-driven drought intensity (Booth, 2010) . 58
Information on peatland water-table dynamics at decadal to millennial timescales can 59 be obtained using peat cores (e.g. Lamentowicz et al., 2015; Mauquoy et al., 2008) . 60
Quantified at such timescales, water-table levels are generally expressed with the 61 peatland surface as the reference height. Using the peatland surface as a reference 62 height implies a high interdependence between water -table dynamics and peat  63 accumulation, and a strong feedback effect has been established between these 64 processes in contemporary process-based studies (Belyea and Conceptual models may be defined as simplified theoretical representations of a system 167 and of the links and feedbacks between the system's main components (Robinson, 168 2008) . They are often seen as a first stage in describing the system of interest and the 169 main factors that may affect the system, and usually provide the basis for more formal, 170 quantitative, i.e. mathematical or numerical, models. We developed six conceptual 171 mode 172 aqualysis in an attempt to identify the conditions necessary for this change. Currently, 173 there are insufficient data to apply numerical models to the site, but we used the 174 numerical DigiBog model (e.g. Morris et al., 2015b) as an exploratory tool to help 175 identify and assess our scenarios; therefore, we used a novel combination of theconceptual and numerical modelling approaches. The six scenarios were identified from 177 multiple runs of the DigiBog model in which we looked at how changes in net rainfall 178 subsamples (Dean, 1974) , which allowed, when combined with the chronologies, for the 262 calculation of C accumulation rates. Charcoal fragments larger than 1 mm were counted 263 using 3-cm 3 subsamples and expressed as an influx (# of pieces yr -1 ). Because of the sizeof the charcoal fragments, resulting records were assumed to represent local (peat) fire 265
incidence, yet a minor contribution from the watershed could not be excluded. Peat 266 humification, interpreted as an approximation of the amount of organic matter lost 267 through decay, was quantified using the protocol of Blackford and Chambers (1993) . 268
Raw transmissivity values were detrended for the catotelm section only, because the 269 acrotelm is still subjected to oxic decay rates, the limit of which was identified using the -table  389 level relative to the peatland surface remained more or less stable for the entire 5500-390 year period considered. Scenario 2, which contained an increase in net precipitation of 391 20%, triggered a short-lived increase in water-table height, but not enough to create 392 surface inundation. When a drop in temperature was added under scenario 3, causing a 393 reduction in productivity of ~17% and a reduction in decay of ~4%, surface wetting was 394 achieved and persisted ~1500 years after the initial climatic shift until the present-day. 395
The importance of such a cold shift for persisting aqualysis was underlined by scenario 396 4: the combination of restricted lateral water flow and an increase in precipitation alone 397 did not lead to aqualysis as the simulated peatland showed a homeostatic response to 398 these hydrological shifts. Indeed, when the cold shift was added (scenario 5), aqualysis 399 was relatively rapid and persisted for millennia. Finally, scenario 6 also led to aqualysis, 400 but the shift took ~600 years to be completed. 401
402
These scenarios suggest that a net reduction in rates of peat accumulation, caused by a 403 reduction in temperature depressing organic matter production more than decay, was 404 needed for aqualysis. In this situation, peat permeability declines as the slowly 405 accumulating peat decays, so that the water table catches up, or keeps pace with the 406 rising peat surface and aqualysis occurs. However, under scenario 3, the transition from 407 a dry to a wet state was very slow, with the shift from relatively deep water tables to 408 water tables at the peatland surface taking more than 1000 years. When the 409 temperature effect on net peat accumulation was accompanied by an increase in net 410 rainfall and increased flow from neighbouring hillslopes, rapid and persistent wetting of 411 the peatland occurred. In this scenario, the additional increase in wetness caused by the 412 contribution from the watershed produced a greater decline in organic matter 413 production, i.e. an even greater decline in net peat accumulation, so that the water 414 tables rose even more rapidly relative to the peatland surface. No data is available on decay sensitivity to annual-scale temperature variations for these 453
sites. It appears reasonable to expect productivity and decay to be affected to some 454 degree by temperature; hence, their consideration in scenarios 3, 5, and 6. For a similar 455 reason to the interpretation of temperature changes used in the model, we do not 456 report on absolute water levels relative to the surface in the Results. The DigiBog output 457 simply shows whether the water table was relatively deep, or close to the peat surface. these stable C accumulation rates suggests that productivity likely declined. This trend is 495 in agreement with the cold shift and its effect on organic matter production that the 496 exploratory modelling suggests is necessary for aqualysis to occur. In the remainder of 497 the late-Holocene, C accumulation rates were stable, but relatively low: the cold climate 498 and wet conditions likely limited decay, but probably more importantly, productivity. 499 500
In the conceptual models, rapid, persistent aqualysis was only achieved when a reduced 501 flow towards the margins was included. This effect may also be interpreted as 502 Our results suggest that subarctic poor fens are sensitive to climatic variability and may 553 therefore be useful archives of climate change, but also that hydrological processes at 554 the scale of the watershed may need to be considered while interpreting paleorecords. 555
They also underline the importance of modelling for evaluating ecosystem sensitivity to 556 environmental change. We showed that, for ecosystems located at the bioclimatic limit 557 of ombrotrophic peatlands, the specific sensitivity to climatic cooling and wetting, 558 increased water flow and mineral input may determine whether the ecosystem is 559 vulnerable to aqualysis. We suggest future studies in these types of ecosystems consider 560 climate effects on hydrology beyond the peatland ecosystem itself, i.e. at the scale of 561 the catchment. The conceptual models, applied to a subarctic fen and in part evaluated using DigiBog, 567 suggest that the ecosystem shift from a treed, ombrotrophic Picea-Sphagnum bog to a 568 poor minerotrophic state with abundant pools likely occurred under cooler and wetter 569 climatic conditions, combined with an enhanced water flow from the catchment 570 towards the peatland. The various scenarios included in this study allowed us to identify 571 the cold shift as being essential for a relatively rapid and persisting aqualysis to occur. 572
This cooling likely caused a reduction in organic matter production that exceeded the 573 negative effect on decay rates, which therefore resulted in a decrease in vertical 574 accumulation rates. Enhanced input of minerotrophic water would have been necessary 575 to explain the increase in minerotrophy during the late-Holocene. The conceptual 576 models suggest that climatic forcing was essential for aqualysis to occur, but the 577 catchment topography of the Laforge region likely contributed to the potential for 578 aqualysis. 
